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DESPITE numerous tests used in the diagnosis of liver disease, in manv cases it
is still difficult to decide whether there is liver damage, and if so, how much.
This study was done to evaluate serum pseudocholinesterase estimation as a
routine test of liver function, and to conmpare it with certain commonly used
tests, viz., serum bilirubin, zinc sulphate flocculation test, thymol turbidity test,
alkaline phosphatase, and blood transanminase levels. Also to show if it is of anv
value in distinguishing between intrahepatic and extrahepatic jaundice.
METHODS.
The subjects studied were divided into three groups.
Group 1.
Fifty patients with suspected liver disease were examined. In thirty of these,
cirrhosis was confirnmed by liver biopsv, and in five at autopsv. In fifteen others
the diagnosis was accepted as cirrhosis because of positive clinical evidence-
consistently positive liver function tests, and a plasma protein electrophoretic
pattern consistent with cirrhosis.
Controls: -Estimations were made on fifty patients with absence of clinical
evidence of liver disease; most of these were suffering from chest infections,
hernia, appendicitis, and duodenal ulcers; five were medical students.
Group 2.
Pseudocholinesterase estimationis were also carried out in sixteen patients with
secondary carcinoma in the liver, ten wvith acute appendicitis, and four with
appendix abscess, also in twelve patients with severe congestive heart failure.
Group 3.
A separate study was made on fiftv patients with obstructive jaundice.
The diagnoses are shown in Table 1.
Chemical Methods.
Zinc flocculation, Kunkel (1947). Normal range 0 to 12 units.
Thymol turbidity, Maclagan (1944(b)). Normal range 0 to 4 units.
Serum bilirubin, King and Coxon (1950). Normal range 0 to 1 mg. per cent.
The serum glutamic oxalacetic transaminase and serum glutamic pyruvic
transaminase were estimated by the method described bv King (1960). Normal
range for both taken as under 45 units.
Bromsulphthalein, Mateer et al. (1942). Normal values taken as less than 7
per cent. retention in 45 minutes.
The alkaline phosphatase wvas estimated in King Armstrotng units by the
autoanalyser method.
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No. OF CASES DIAGNOSIS
14 ... Stone in the coml1nTh bile duct.
2 ... Cholecystitis and pancreatitis.
2 ... Carcinonma of the Ampulla of Vater.
5 ... Carcinomiia of the head of pancreas.
1 ... Carcinomiia of the bile duct.
1 ... Stricture of the conmnmon bile duct.
25 ... Extrahepatic (surgical jaundice).
10 ... Acute hepatitis.
6 ... Progressive hepatitis.
9 ... Severe cirrhosis.
25 ... Intrahepatic (nmedical jaundice).
Pseudocholinesterase estimations (Michel, 1949; Aldridge and Davies, 1952).
Briefly, estimations depend on the anmount of acetic acid lib)erated fronm acetyl
choline, and observing the fall in pH of a barbitone phosphate buffered systen
in a given time. The clhainge in pH was read by a pH meter. Readings are
expressed in Delta pH ulnits per hour, times 100. Normal range 60 to 130 units.
The pseudocholinesterase will be deniotetld by the abbreviation "PCHE" in the
remiaining discussiol.
In eighteen patients, six each fronm the control, cirrhotics, anld jaunidiced groups
respectively, 8 mils. of blood wvere taken from the patient, put into two separate
tubes, with different names, to determine the accuracy of the test; results differed
by ±4 units.
The plasnma albumin electrophoresis and PCHE vere estimated in thirty-eight
patients.
Group 1. RESULTS.
Table 2 shows the results of zinc sulphate flocculation in fifty patients with
cirrhosis. In tenl patients with severe cirrhosis the zinc flocculation wvas i,l the
normal range.
TABLE 2.
ZINc FLOCCULATION I.N FIFTY PATIEN rs w'Irii CIRRHOSIS.
No. OF PATIENTS RANGF ZINC FLOCCULATION UNI [S REMARKS
26 ... 12 to 28 units ... 52% (+ve)
24 ... 0 to 12 units
145Results of the thymol turbidity test,
are shown in Table 3. Note that the
units in only two of the fifty cases of
alkaline phosphatase, and serum bilirubin
thymol turbidity was raised above four
cirrhosis.
TABLE 3.
No. OF CASES
TEST OF CIRRHOSIS RESULTS REMARKS
Thymol ... 48 ... 0-4 units ... Normal
Turbidity ... 2 ... 4-8 uniits ... Abnormal
Alkaline ... 40 ... 0-20 KA ... No
Phosphatase ... ... Units ... Significance
Serum ... 10 ... 1 to 4 mg.0!0
Bilirubin ... 40 ... 1 mg.% ... Normal
Results of PCHE estimations are shown in Fig. 1 and summarised in Table 4.
TABLE 4.
No. OF PATIENTS
50 normal controls
26 mild to moderate cirrhotics
24 severe cirrhotics
PSEUDOCHOLINESTERASE
DELTA pH UNITS/HR. X 1()0
... 60 to 130 units
... 30 to 55 units
... 10 to 35 units
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Fig. 1.
Pseudocholinesterase expressed in delta
pH units per hour x (times) 100 in 50
cases of cirrhosis and 50 normal controls.
Cases of cirrhosis indicated by crosses.
Those who died, by triangles. Normal
controls, by circles, and normal liver
biopsy by black dots.
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Fig. 2.
S.G.P.T. and S.G.O.T. in 30 patients
with cirrhosis. Conventions as in Fig. 1.
146Most of the patienlts with severe cirrhosis had values unider 35 units, and six
of these patienits dicd. Repeated etimiiations showved a progressive fall in PCHE
as the condition of these patients deteriorated.
Table 5 and Fig. 2 show the results of the S.G.O.T. and S.G.P.T. in thirty
patients with cirrhosis.
TABLE 5.
TESTS RESUL'I S No. OF CASES REMARKS
... Under 45 units
> 45 ultlits
... Under 45 uinits
> 45 uniits
... 10
... 20
... I12
... 18
... Normal
... Elevated
... Normal
... Elevated
The results of bronmsulphthalein estimationis in twenty patients with cirrhosis
are shown in Table 6. The PCHE in these patients is also shown for comparison.
TABLE 6.
No. OF PATIENTS BROM-SULPHI. RETENTION PSEUDOCHOLINESTERASE
... Less than 70
" retention
. 7 to 2500 retention
.. . 25 to 550 retention
... 28 to 45 units
... 28 to 55 units
... 20 to 45 units
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Relation of pseudocholinesterase to albumin.
Black dots represent cases of the nephrotic
x syndrome. Note that the PCHE is low only
when the albumin is low due to liver disease.
Figure 3 shows the relation of PCHE and serum albumin.
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Figure 4 shows the results of patients in Group 2. Eleven out of sixteen
patients with liver metastases had low values of serum PCHE.
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Group 3.
Figure 5 shows the results of PCHE estimations in fifty patients with jaundice.
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In twenty-five patients with jaundice due to various extrahepatic obstructive
lesions shown in Table 1, the PCHE was above 55 units in 18 (72 per cent.).
In seven patients unexpectedly low values ranging from 35 to 55 units were
obtained; there were added complications of severe cholangitis in three, and
biliary cirrhosis in one. In two patients with carcinoma of the head of the
pancreas low values were obtained when there were secondaries in the liver.
In twenty-five patients with hepatocellular jaundice, the PCHE was under
55 units in twenty-three cases. In one case the value was 70 units, while the
zinc flocculation was 13 units and S.G.P.T. 120 units. The patient's condition
was in the phase of recovery at this time. The PCHE here reflects in advance
of the other tests the phase of recovery.
Results of alkaline phosphatase compared wvith PCHE are shown in Fig. 6.
148In the extrahepatic group only seven of the twenty-five cases (28 per cent.)
had alkaline phosphatase over 30 KA units.
0
.0
*IC 0 0
b O
K 0 o 0 00 0 Fig. 6.
: 0 0 0oK 0
60
x 0 0 Results of PCHE compared with alkaline IJ ~*°~o -;-
- - - - phosphatase. Conventions as in Fig. 5. OK 0
xx x .x x
x2 x x x X x
_ _
Q.J
/A O 50 70 90
ALKALINE PHOSPHATASE KA unitS
Twenty-two out of twenty-five patients with hepatocellular jaundice had
alkaline phosphatase under 30 KA unlits.
DiscusSION.
The thymol turbidity and alkaline phosphatase estimations as shown are not
very useful in the diagnosis of cirrhosis.
The zinc sulphate flocculation was positive in only 50 per cent. of patients
with cirrhosis, and was of little value in judging the severity of the cirrhosis or
the prognosis. Other flocculation tests, e.g., the cephalin cholesterol, are more
expensive and of no advantage.
Transaminases: In this series approximately 60 per cent. of patients with
cirrhosis showed abnormal or high transanminase levels. Many patients with
moderate or severe cirrhosis had normal transaminases. These results agree with
Hunt and Lehmann (Gut, 1960).
The Bromsulphthalein is a well-established test in the diagnosis of cirrhosis.
In this series 75 per cent. of patients with cirrhosis had positive results (i.e., more
than 7 per cent. retention in forty-five minutes). The bromsulphthalein is probably
the most sensitive of the commonly used tests, but it is not so frequently used
in busy outpatient departments because the method is involved.
Pseudocholinesterase is an enzyme manufactured bv the liver cells in close
relation to albumin (Faber, 1943; Kunkel and Ward, 1947; Vorhaus and Kark,
1953). In hepatocellular disease a fall in the enzvnme concentration in the seruin
is, therefore, expected.
In this series, 100 per cent. of patients with cirrhosis had PCHE under 60
units. There was a close relation between the severity of cirrhosis and the level
of PCHE. Four patients who died had PCHE under 30 units. It is noteworthy
that three of these had zinc flocculation and transaminases in the normal range.
These findings support the view of Hunt and Lehmann (Gut, 1960), that PCHE
149estimations are useful in the diagnosis of cirrhosis, and that repeated estimations
are useful in judging prognosis.
If the PCHE is consistently over 65 units we can be almost certain that there
is no hepatocellular disease, and that liver function is good. The same degree of
certainty cannot be entertained when a normal flocculation or transaminase level
is obtained.
Relation of PCHE and major operations: There is a definite hazard of scoline
apncea if suxamethonium is used during anaesthesia in a patient with a low PCHE
(Argent, Dinnick, and Hobbiger, 1955; Johnston, 1954).
Quite apart from this relation, in patients with PCHE under 35 units, mortality
is high with any major operation, a feature which is shown in a series by Hunt
and Lehmann (1960).
Six patients with PCHE under 35 units had major operations and four of these
died. In three patients hepatic failure developed within twenty-four hours of
operation.
The usual choice of patients for porto-caval or other shunt operations is those
with albumin over 3.2 G. per 100 ml. and preferably without ascites. Where the
PCHE is over 45 units, an albumin under 3 G. per 100 ml. does not necessarily
indicate poor liver function. One would also expect such a patient's albumin
level to rise with adequate intake.
It is desirable to do PCHE estimations on alternate days for at least one week
before a shunt operation. If values are consistently over 45 units, the prognosis
is more likely to be good with operation.
The value of PCHE in the differential diagnosis of obstructive jaundice is not
well established. A PCHE value consistently over 55 units favours extrahepatic
obstruction. Values under 50 units are more commonly seen in hepatocellular
jaundice.
In a few cases the P(CHE may be low, transaminases elevated and alkaline
phosphatase under 30 KA units, all suggestive of hepatitis.
Such findings are also seen in some cases of extrahepatic obstruction with
ascending cholangitis. The clinical course, intermittent pyrexia, and leucocytosis
will then support a diagnosis of cholangitis.
In this series the PCHE was only helpful in about 50 per cent. of cases in
deciding if the jaundice was hepatic (medical) or extrahepatic (surgical). But
as shown in Fig. 6, it is more helpful than the alkaline phosphatase.
In only seven out of twenty-five patients (28 per cent.) of extrahepatic jaundice
was the alkaline phosphatase raised above 30 KA units. Seventy-two per cent.
had values ranging from 5 to 30 units, the range which suggests hepatocellular
jaundice.
Where unexpectedly low values of PCHE are obtained, one must exclude the
presence of metastases in the liver; in a case with pyrexia, cholangitis, and
subphrenic abscess. Low values have been reported due to a very rare genetic
lack of the enzyme (Lehmann and Ryan, 1956), severe malnutrition, some severe
anamias and in poisoning by organo-phosphorous compounds (Lehmann, Liddell,
and Silk, 1961).
150From the study it is suggested that the following be used as routine liver
function tests: (1) Bilirubin; (2) Zinc flocculation; (3) PCHE; (4) S.G.P.T. If
there is doubt as to a diagnosis of cirrhosis, the bromsulphthalein test can then be
carried out.
If a patient is jaundiced, the alkaline phosphatase with the above four are the
most helpful tests.
(1) If the PCHE is over 55 units, alkaline phosphatase over 30 units, and
S.G.P.T. under 50 units, the case is most likely one of extrahepatic
obstruction, although in some cases with extrahepatic obstruction the
S.G.P.T. may be moderately elevated (e.g., 50-120 units).
(2) If the PCHE is under 55 units, the alkaline phosphatase under 30 units,
and S.G.P.T. over 50 units the case is most likely one of hepatocellular
jaundice.
SUMMARY.
Analysis of results of plasma pseudocholinesterase estimations, thymol turbidity
test, zinc flocculation, transaminases, bromsulphthalein, alkaline phosphatase, and
serum albumin as tests of liver function are presented.
1. Plasma pseudocholinesterase estimations are helpful in deciding if there is
liver disease, and is especially useful in the diagnosis of cirrhosis and in
judginig prognosis. If the PCHE on repeated examination is over 65 units,
it is almost certain that there is no hepatocellular disease.
The thymol turbidity test and alkaline phosphatase estimations are not
useful in assessing liver function in cases of suspected cirrhosis.
The zinc flocculation and transaminases only give from 50 to 60 per cent.
positive results in cases of cirrhosis and give little indication of prognosis.
2. Pseudocholinesterase estimations are of limited use in the differential
diagnosis of jaundice, though helpful in prognosis. The alkaline phosphatase
is not as helpful as might be expected. The combination of pseudo-
cholinesterase, alkaline phosphatase, and S.G.P.T. may be more helpful in
jaundiced patients.
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